Porous PE films have been modified using high frequency discharge plasma (in air) and dielectric surface barrier discharge plasma in static (in oxygen and nitrogen) and dynamic (in argon) regime. A notice able increase in the hydrophilicity of samples and their adhesion to coatings has been established. Changes in chemical composition and morphology of the surface resulting from plasma treatment and subsequent aging have been studied. The treatment regime have been established under which sufficient hydrophilicity is reached and mechanical strength is preserved.
INTRODUCTION
In recent years, microporous polymer films have been widely used for various practical purposes, such as purification and separation of liquid mixtures, as well as for producing diverse separating membranes. To be applied as a filtration membrane, a material must have good mechanical properties and a high per meability to liquids. A sample is permeable when it contains through flow channels, while its permeability is governed by their size and number.
A method was developed at the Institute of Macro molecular Compounds, Russian Academy of Sci ences, for producing microporous PE films by melt extrusion without heterogeneous additives [1, 2] . Being a commercial polymer, PE has a number of important advantages, such as easy manufacturing, chemical stability, and availability and cheapness of raw materials. The process for membrane production is highly efficient, wasteless, and environmentally safe, because it is free of organic solvents and other toxic materials. This method makes it possible to pro duce highly permeable microfiltration membranes with good mechanical properties at a small membrane thickness (10-15 µm). The films have higher mechan ical characteristics than all other available microporous materials. Their small thickness provides a noticeable decrease in the cost and size of final systems. Owing to the porous structure, high overall porosity, and a strongly developed surface relief, the porous PE films produced by this method have a high adhesion to coat ings. These advantages make it possible to apply PE filtration materials in different separation and mem brane systems.
The hydrophobicity of PE and the high gas perme ability of its porous films enable us to use this material to remove gases from water. Owing to the mechanical strength, elasticity, and unique surface properties of these films, they can be applied as substrates for poly meric and nonpolymeric coatings to elaborate new composites [3] [4] [5] . However, these films have a low permeability to water because of their hydrophobicity, and this property limits their use for water purification.
The consumer features and mechanical properties of PE, as well as its easy processibility by melt extru sion, have predetermined the wide application of this material. However, in order to solve some practical problems, the surface of PE must be modified, that is, hydrophilized or adapted for coating. This can be done by means of chemical and physical methods, such as treatment with strong oxidants (nitric acid or potas sium permanganate) and cold plasma [6] [7] [8] .
The modification of porous PE films is a compli cated problem; however, solving it will substantially widen the field of application of these films and com posites produced on their base. We have revealed that, after being treated with strong oxidants, porous PE films lose their mechanical properties. This phenome non can be explained by the fact that first of all oxida tion strikes intercrystal tie and bearing load chains. A sample is destructed before the surface has been noticeably modified. This problem can be solved provided that only the thinnest surface layer of a material is treated, which occurs during modification with cold plasma. Modifi cation with cold plasma is a well known method for improving the properties of polymer films [9] [10] [11] . It is widely used for modifying both dense films and porous materials [12, 13] . Treatment with cold plasma influ ences not only surface of a material but also the walls of pores. The hydrophilization of the whole sample including the through flow channels results in perme ability of a membrane to water media. Moreover, treatment with cold plasma enhances film adhesion to coatings, thus creating additional advantages for the development of composites [13] .
When polymers are treated by cold plasma in air, nitrogen, and oxygen, their atoms are directly included into the sample surface [14] . It was shown [15, 16] that, immediately after treatment of PE with a high frequency glow discharge argon plasma, no oxy gen containing groups are formed on the film surface, which is not surprising, because the plasma forming gas does not contain oxygen atoms. However, oxygen is included into a film treated in argon when it is kept in air. Modification in inert gases is preliminarily accompanied by free radical processes. After a dis charge is completed, many active sites remain pre served on the surface, which further react with atoms and molecules of air. Thus, the surface of films acti vated with cold argon plasma and kept in air will con tain nitrogen and oxygen atoms. The interaction between macroradicals and atmospheric oxygen yields hydroperoxides, whose decomposition gives rise to the formation of hydroxyl, carbonyl, and carboxyl groups on the surface, thus increasing its hydrophilicity [17] .
The characteristics of polymeric materials with a modified surface can change during their keeping (sample aging). The hydrophobicity is frequently restored at both elevated and room temperatures. These relaxation changes are explained by the diffu sion of hydrophobic oligomers, low molecular mass additives, and oxidized polymer fragments to the sam ple surface, as well as by the migration of hydrophilic groups from the surface into the bulk polymer [18] . However, when polymer chains in the surface layer are crosslinked under the action of the plasma or the hydroperoxides that are formed, the rearrangement of polar groups is hindered and the surface is less hydro phobized upon aging. The relation between the degree of crosslinking and the aging of PE films treated with a dielectric surface barrier discharge plasma in air, helium, and argon was investigated in [19] . It was found that, among the gases applied, argon and oxy gen demonstrate the highest and the lowest crosslink ing ability, respectively.
The goal of this work was to develop methods for the hydrophilization of porous PE films by cold plasma with the preservation of their porous structure and mechanical properties.
EXPERIMENTAL

Materials and Methods
Porous films prepared by melt extrusion followed by annealing, extension, and thermal fixation were modified by cold plasma [1, 2] . Commercial grade of HDPE (Stavrolen, Russia) with M w = 1.7 × 10 5 , M w /M n = 4-5 and T m = 132°C was used. The thick ness, the overall porosity, and the size of through pores of the porous films were 14 µm, 40%, and 100-300 nm, respectively.
The modification by dielectric surface barrier dis charge (DSBD) plasma was carried out in static regime at a pressure of 64 Pa in nitrogen and oxygen; maximum power of plasma source was 300 W and the volume of cell was 0.0049 m 3 . The cell consisted of two electrodes separated by an aluminum oxide plate, which was placed under a vacuum glass cover. The upper electrode was a set of plates with a width of 1 mm and a length (in the direction normal to the fig ure plane) of 80 mm; the interplate distance was 3 mm (Fig. 1 presents the scheme of the cell). A treated sam ple was pressed to the upper discharge electrode with glass plate.
Films were modified by a high frequency glow dis charge plasma in air at a pressure of 26 Pa, a voltage of 2 kV, a maximum power of 600 W, and a frequency of 13.56 MHz; the volume of cell was 0.062 m 3 . The cell contained two circular electrodes with a diameter and a thickness of 240 and 10 mm, respectively, located 40 mm from one another and placed in a stainless steel vacuum cylinder. A treated sample was loosely placed onto the lower electrode.
The modification by DSBD was also performed in dynamic regime in argon at atmospheric pressure and a power of 80-160 W; the volume of cell was 0.063 m 3 . The design of the cell was similar to that described above for DSBD plasma. But in this experiment a sample attached to a glass stage was moved at a con Plasma Electrodes V, kV Al 2 O 3 Fig. 1 . The setup used for modification of films by DBSD plasma.
